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T Introduction

Section 316(b) of Public Law 92-500 and Section 147.02(b),
Wisconsin Statutes require that the location, design, construction
and capacity of cooling water intake structures reflect the "best
technology available for minimizing adverse environmental impact."
As required by Wisconsin Pollution Discharge Elimination System
Permit (WPDES) WI-0000965, a one-year study was unaertaken to
determine the environmental impact of the present J. P. Pulliam
Power Plant cooling water intake structures.

This report is intended to provide data concerning present
intake effects. Data were collected with the aim of evaluating
intake effects on all life stages of fish and describing peripheral
factors which may directly influence results. Frequent periodic
sampling of adult and juvenile fish removed from the cooling water
by the trash rack/traveling screen barrier system allowed the
estimation of the total number of fish removed and some of their
characteristics such as size and weight. During the period of
reproductive ac%ivity in the area of the Plant quantitative sampling
for fish eggs, larvae and small juveniles not removed by the
barrier systems was conducted. Results allowed the estimation
of total numbers of eggs, larvae and juveniles which passed through
the Plant.

Ancillary data concerning the physical plant, its routine
operations, intake and discharge characteristics, and condenser

cleaning and deicing procedures were collected.
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This report presents a summary of J. P. Pulliam Power Plant
operations focused on the intake systems through which cooling

water is drawn and effects on fish inhabiting the water used.
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ITI. Present Intake Structures

The J. P. Pulliam Power Plant is located at the southern end
of Green Bay at the confluence of the Fox River in the city of
Green Bay, Wisconsin (Figure 1). It is a coal-fired facility
consisting bf eight generating units with a total gross output of
392.5 MWe (Table 1). The Plant is classified as an intermediate
load range facility. Units 7 and 8 are base loadea and the Plant
as a whole is load following. The Plant is thus in operation every
hour of every day but generation rates are highly wvariable.

A generalized summary of Plant output during this study is
presented in Table 2. Hourly generation rates on two different
dates varied from 82 to 319 MWH. The lowest rates generally
occurred between midnight and 6 a.m., the highest between 6 p.m.
and 7 p.m. Another lower peak in generation occurred between
10 a.m. and noon.

Plans for future use of J. P. Pulliam Plant show a slight rise
and then decline in hours of operation per year (Table 3). By
the year 1985, é reduction of 9891 MW hours of operation is predicted
to have taken place (approximately 41%). A concomitant reduction
in the cooling water requirements of the Plant is expected.

Condenser cooling at J. P. Pulliam Plant is accomplished by

once-through cooling water flow. Two sources of cooling water

were developed. The initial (north) intake structure was located

on Green Bay and, as requirements increased, an additional Green

Bay (north) intake was added, and finally an intake drawing water

from the Fox River (south intake) (Figures 1 and 3).
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Table 1. Nameplate capacities (MWe) and rated flows (m®/min) of

Units 1 through 8, Pulliam Power Plant.

. Namep}ate Cooling Service Ash
Unit Capacity Water Water Sluice
Number (MWe) (m®/min) (m®/min) (m®/min)

1 10 49 - =

2 10 49 = =

3 30 136 8 -

4 30 128 8 9

5 50 203 8 =

6 62.5 288 8 9

7 75 246 4 9

8 125 345 5 11
TOTAL 392!,:5 147% 49 38

1
(¢l
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Table 2. Hourly Generation (MWH) at Pulliam Plant on February 2
and February 7, 1976.2

Hourly Generation

Hour
Feb. 2, 1976° Feb. 7, 1976°

0100 95 162
0200 88 161
0300 82 166
0400 84 137
0500 89 106
0600 T05 103
0700 177 174
0800 252 222
0900 297 228
1000 305 240
1100 303 246
1200 299 250
1300 305 218
1400 286 194
1500 275 168
1600 285 165
1700 297 212
1800 308 261
1900 319 261
2000 307 208
2100 284 181
2200 183 128
2300 ’ T 95
2400 82 107
E Wisconsin Public Service Corporation,

Units 1 through 4 offline. Units 5 through 8 online part or
all of day.

€ only Units 6 through 8 online.
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Table 3. Predicted hours of unit operation for Pulliam
Power Plant, 1976 through 1985.4

gz;;f 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
8 6719 7119 6919 6177 7507 6775 6127 6335 4778 5715
7 6014 6223 5556 5946 6515 5126 4572 4318 4010 4442
6 4051 4123 4148 3906 4784 3921 3303 2547 1342 2233
5 3695 3813 3888 3593 4246 3039 2388 1416 671 1056
4 1358 2204 1701 1539 2069 992 771 419 230 379~
3 2216 2986 2403 1994 2386 1393 983 648 292 436
2 &1 173 326 308 198, J63 dBa i4e 73 39 74

QIIG 27700 T 290 NISE L /RS

4 wisconsin Public Service Corporation.
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At the present time, condenser cooling water is drawn from both
north and south intakes. The north intakes are located on the
shoreline of Green Bay and the south at the end of the coal boat
slip, which in_effect creates an intake canal off the Fox River.
After condenser passage, cooling water is discharged into a dis-
charge canal (Figure 1) which in turn discharges into the Fox
River. Discharges for higher numbered units are paired (i.e.,

7 and 8 share a common discharge structure).

The two north intakes draw surface water from Green Bay
(within the 10 ft depth contour, at normal water elevation)
(Figure 1). The Fox River and discharge water may also enter
these intakes at times depending on flow rate and weather. The
structures are cribs housing é 6 ft diameter (Intake A) or 8 ft
diameter (Intake B) intake pipe, trash rack and trash rack cleaning
rake. The trash racks are standard vertical bar systems with
6 inch openings between bars (Figure 2). The area immersed at normal
water level is 8 ft wide by 10 ft (Intake A) or 18 ft (Intake B)
high (total areé 216 sq ft). The south intake is a combined crib
for two 9 ft diameter pipes with 8 inch c/c trash racks of the
same design as the other intak;s. The combined trash rack area
at normal water level is 360 £t2 (Figure 3). Each intake is also
equipped with an air bubble screen to deter fish from entering
the intake. The air bubble screen is operated continuously from
April through October.

The distribution of cooling water to various condensers is

a result of the addition of units to the original Plant (Figure 4).
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All units receive water from a manifold type system drawing water
from the north and the south intakes. 1In genefal Units 7 and 8

draw water from the Fox River. A screen house consisting of a small
forebay, 3 inch c/c trash rack and traveling screens serves each
unit (Figure 4). Traveling screens are the conventional vertical
type with 3/8 inch square wire mesh. The dimensions of each screen
house are shown in Figures 5 through 9. The traveling screens are
normally operated for 15 minutes duration four times per shift
whenever the unit they serve is on line.

The total (maximum) water flow through the Plant with all
operable pumps on is approximately 1561 m3/min, 94% of which is
cooling water (Table 1, Figure 4). The mean observed flow on
entrainment sampling days (1600, 2400, 0800 hr one day per week,
April through August) was considerably less than this, approximately
923 m3/min. Winter flows could be expected to be approximately half
this or 400 m3/min. Since the Plant is load following, the flows
are somewhat unpredictable and fluctuate daily. Currents created at
the intakes are thus highly variable also. Velocities were measured
using a General Oceanics 2031/2035 Direct Reading Meter. They were
found to vary from 0 to 180 cm/sec depending on time of year and
Plant output. Current velocities at each of the intakes were first
measured at maximum flow, all pumps operating. Current velocities
in front of the intake pipes at maximum flow (1561 m3/min) were
180- cm/sec in the intake for Units 1, 2 and 3 and 170 em/sec in both
other intakes. There are eddies in every intake, and a reverse flow

of 20 to 30 cm/sec was detected near the surface in each intake.

i’



NALCO ENVIRONMENTAL SCIENCES

INTAKES

NORTH

(GREEN BAY)

A» Juwiw gz

-hsnoyuaasog

g2t siun

..................

W w 82|

FsNoOYuagiog

P un

asnoyuaalos

g un

uiw/ew g0zl

ulw w882
Jasnoyuasiog

9 Htun

W/ w 942
asnoyuaslas

L Hun

i uiw/ew cug
2] asnoyuaaiog

g Hun

INTAKE

SOUTH

(FOX RIVER)

Schematic diagram of water flow in Pulliam Power Plant

intakes.

Figure 4.

1l 23



BI01—'09 BLINGOMS MDIB3G

FNON TS - SNOISIAZH 40 I8Vl
94~ m. ~ +"Biva AE OXDYHL
¥ NOLLAIN D0

/148 a3AONdaY S:xqq.__.“i MMYBG .

22 “AS QEMDIWD

QLEE |~

TIYLIQ ISNOH NIIHDS
2% 1 aN SLINM g 2anbrtg _
ALNPId WeiTInNd . _

<|m|w| |4

NOILYYOJH0) 3DIA¥3S JI18Nnd NISNOISIM |

L o EalN L33HG

«~ NOILYAZTI N3IFHOS

28D suug z/t e v
HIOy HEuE]

Foig ATEes AILLOTIS VT B

e

0-oL5a313 L7

CEOMINTE( BS, BIE iy |
L1 NEIEWIG FHD .

aIzineA1e g MG Uy !

e § HLOyp MaREIS ﬁ

J0=508 W3y

SNIBHIG

£

=~ NY1d d3mon
001573713 w3Leqmoy
L0-,6857373

ASNOHNI3YEIS ~

L

E |..Q“_.mbh.>w._m_ HILEJ HOIH

£_9-pgg N33 F9vwg s

0-0L5 7377 —

17

-

!

ﬂxo.hcx'lc NpLopy - 33w Nf) Bdig WRLHE
SMILETINIYIIRY NOW| LSH) WIT )

i
F
H k
SNIFHIG
MITINOH | CRELLTLTS
ﬁ 2) FNwLN|

13



S184—"00 BINOOUS He1ERd

FNO/Y BTHE M%Bgun:u SNOISIATM 40 FTEVL i
m\Jmm‘ _ J-U S~ 6~fr"iva tAm cEDvML [T e =
N_N;ci n-:uxlu‘_.%bl MAYSa 1
T19L3A ISNOH NI3HDS 1=
€ aN LINO *g 2anbTd ||
LNYld Wul1nd — k
NOLLV¥O4¥0) 3DIA¥3S JIaNd NISNODSIM _I_ ki

Lo v ol 133R5 .

~ NOILYAFTI NIIdIS =~

+~ NY7d 43MO71 3ISNOHNIAYEDS =

CRELLTT) g TN
Foig AvbiaS TIILG CRLLOTS W] B - B a

/. EDEHUG, Zlin b

Hovy HEwiy | M i (orsvuaag Ny Loy - T ) Bedig wALem
] ; BrILEITI DTy
S , mM. Now[Ls¥) WG g .
0-29§Ax717 < T 7 ¥ m_.”._.tr._ll_llll _ o) _ £
- ] Y ' i bt
i ™ ' il Irt S T _ ) _
i e L _ n & T ¥
o 116, e " S
_ i _ z 1 l.ﬂ..q,..u_.l__ﬁh_.u__| = e 1 o M..
. RN HioiT NIREDG | W _ ...v. i b I
T SSNINS( DS §/F saml _ vy A L) ) v 1 . =
#1677 Zuuku_\m Fem 4o b _._| - ﬁ#ﬂﬁ“. s _ T
TIZINGATED OME 2yl | _ | h : ' _ ¥ “.
i ! i by H |
i W&x& 4 . o
| ey ml___ ._ T .__J _ P ||| ] G- pRG AT17 Hawug TRt
Jo-sggn3ng |7 1 i\ = | — 0-,0L5~373 wareq moy P S‘
ﬂU .0~ 615 7373 L TwmHOy
orisnoy -

; 0~ 995 AI1F HIiup K

SNIFHDIG
2 INITIIAY L]
(z) 3
CRELLLT
INULN],

1\_.-/
L ——

14



ENOJY EIVOR
OG9EE|~D| gL~E~pmva ?tq__ HOLLSNSERT o
P d H%__.Ic»n MMvEG i

AR OEADRHI SNOISIAEM 40 FEYL
AN OEDYML

-

q19Ll3a 3snoH N3I3HOS
¥ sN LINM ‘L ®InbTta
INYTd WHITTINd

4| A

NOILYYOdY0) 3DIAEIS J118Nd NISNOISIA

L wm Gaff L3NG

=~ MNOILYAITT NI3IHIS =

P. Iqhzzzh
2/2.£@ s9og 9fEs b, ZauLn
Howy HSWE] 3
= N33 HI5 -~
6-295 4373 — «~ NY1d d43mo SNOH
AT T ST ~ ol i AR
o Ik ﬁ | _ [ = - Me7S Catboi
! / :
| ! ill / L = sy e -
w49 HiOiR NEINOT | il =) | LL-ot
‘seMINES) B BT MW _ i _ . ”‘ i .— J ‘ 7 i
HLOT) NEIWHIG IHIT ’ L | - i | —. 0-015 #3713 431w MO . !
CAZINGAY 9TF 2/n | ! _ : i _ o (rm - T 08 =z
= 0 gl ! . . —r " 1
T TP _ 5 iy uoed, |
| “ jy] 1 1&....ua1|_~ . (| _ ~ z | T !
e : [ ; = o ! ! [ i i
. 5 _ _ | “ ___ {06163 #3son Ty - g A @ i — m & |
._ _ 5 ___ o W 4 we } ~ L} i
. | ; i | B i —— : !
el B g e PR =RS, w2 = | :
i _ _ r T S RS N CRCRERELED! o.% 7 = =i i
! ! 7 i
: < | L H
0 il E - : —| &
TR 0~ 985 #3713 i HOIH r L3 G e b :
= R o e
3 Lo e | |
SNEFEIL

S ELET
oNITIAY ]
(2) TINNY
FHELN]

15




FWO;y Tvoe |

B101—'03 BLIO0MS WO lBE0

5O
7 1148 GINDIND

SNOISIAZY 40 TTEVL

_mm m | IU 9/~ ~ 1 Hiva TAS oEawuL [T _ L TR =,

|/ A8 anaouddy ux.@&m.\u»l NG 1 A

TMYL3Q 3ASNOH N3IIYDOS ' —

9 3 GaN SLINM ‘g 2anbTg —

LNYId WYITINd L p £

NOILYYOdY¥O0D 3D1A¥3S J11dNd —._m:Ou_n;I_ ¥
7759 aiv 133M5

T OFLOMY SY LAFINT o 3§ SLIV] HOH TWIiatay Tl SMIIA
FFLON
~ NOILUAITI NIIHIS =~

P 3 B SR

SN L9,
9L, 06 H40

CEBNMINTA( RS BIF ML
K0T NITHIG FET L |

=

‘HEATEE FOTY

F3985 4377

/D, Ed suwg Qi

NIV HEWH]

Rk EEET

9 WIM 2/

W0-22

-, 6-,295 377

- 0~ DL§ 7377 3oy mo]

.Qi.m._...m NFTF HALG TenEON

o

NISOOH —

SNIFEIG

P..a._ I RF LT

—— (-985 #2137 ¥ILeq Wy

~ NP1d 43amon

FSNOHNIIYDS -~

g
bt
ty
s
"
wE7

9277
w200

5 41
SAmp

203

e —
o

f
)

4

£65 #3134

. (-
b

9 LiNgg
-0

bt —

i G Lingg
v

SN u%:u s

sNITIAUY)
LN WTY ﬂ N\_‘_

TANNAYL
FHULN]

\.1__.-'.

b\“.._,,("

16




B101—"02 BLINOCH MDIID

FNON ERE R LR LE] SNOISIARY 4O ITEYL
N@ M m | = =) G = b= grimya | TR PHDVEE | o NOULJINDIEID N
_r__-n.\h-...u QFACHd Y __S\w\ut;- NY B :
TYL3a 3ISNOH NIIHDS i
@3 LN SLinM ‘6 2Inbtg |
LNY1d wdiland P 3
NOILVIO4¥0) 3D1AU3S JNand NISNOISIM |— 4

LfoL siv133ng
TORLON SH LoATINT o wm £ SLirf] WOz Tl Iy SMIIA
FILON

~ NOILYATTI NI3HIS -

=~ NUId d3Mmo7 = ISNOHNITUDIS ~
9/3,6@ 5HYF 602

MOty HSUE]

| XS = S —_—_— =
| LT e i e e |
“ RS P b #2-99
: | R I e R i
| S, H _ e
_ _ | i 1
o | By - ot e
_ m e i :
—_— 1 | _ t :
i A | 0-0L5 #3713 | . !
w : I + a3io moy i i i . 1 ; ]
T - i I | =
! ! } [ 1 4 Y i
__ | I ' = S
& ", 0.6 HAgyy NIFEG : * | i i 4 :
Fe s S soMInEdgOS gff HLIM | . p-ELG Ay | ol y T i
) _ HLD13 z.aweuh‘m auyg! T _ 1 ;, HILY TerHON _ _ | .._ ~a0-65F >u.__m|.. : s _
Al wunwe 30neg WITT 2/ _ WEY AT 9"_ / f T 7 .
T - i e © ,9-PBS w313 3ov, ' /] i PR Ew
| _ ! g d 3 2 _ bt 44 PN
E 7 9.l85 "33 i | L0-,985 #3737 340 MOl ! M_. e ~ e SN "
| [ _ | Bl Ao
; Je |
lﬁ\ b |~ ] ]
SMISAON _ “|\|r\
_ -
SNITHIG 1. 4
IwNNL
3 FHYLNG
SNFIWDG
oNITRALY )
LN HE (2)

17




S

NALCO ENVIRONMENTAL SCIENCES

Minimum flow through the Plant on December 3, 1975, probably
representing maximum flow under winter conditions, was approximately
732 m3/min. Units 1 through 3 were off line; velocity in the intake
for these units was 0 cm/sec. The current velocities in front of
the intake pipes at both other intakes were 110 cm/sec. Again,
eddies of 10 to 30 cm/sec were found in the water near the surface.

The deicing system at Pulliam consists of two pumps of
56.8 m3/min capacity located in the Units 7 and 8 discharge and
appropriate piping (Figure 1). Discharge water is piped from one
pump to the deicing canal adjacent to the north intakes and from the
other to the face of the south intake. Operation is intermittent,
depending on anchor ice. The intakeé are visually checked frequently
and, if anchor ice is present; the pumps are turned on.

Condenser cleaning is by chlorination. Chlorine is added to
the intake water prior to condenser passage. The chlorinators are
automatically operated for 20 min every 4 hr each day when the unit
is operating. The average concentrations of chlorine on the inlet
side of the condenser are 0.75 mg/l for Units 1 through 6 and
1.0 mg/l for Units 7 and 8. The average concentration is 0.90 mg/l.
Chlorine concentrations in the discharge would be minute. The
reason for this is that chlorination is not simultaneous on all
units, but staggered. On a day at random, April 10 at 0800,
chlorine in Unit 5 discharge would be diluted by the discharges of
Units 6, 7 and 8 in the discharge canal. Chlorine levels should be

very low.
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NALCDO ENVIRONMENTAL SCIENCES

III. Sampling Data

A. Adult and Juvenile Fish

Adult and juvenile fish impinged in the J. P. Pulliam
Power Plant traveling screens were monitored by trained Plant
personnel. Detailed sampling methods, equipment and copies of
Eddy (1969), Hubbs and Lagler (1970) and Morris et al (1974) were
provided by NALCO ES biologists. Supervisory checks of impingement
monitoring activities were made and help with identification of
unknown fish was also provided by NALCO ES biologists.

Impingement sampling was conducted every fourth day from
April 1, 1975 through March 31, 1976. At the beginning of each
sampling period the traveling screens were washed and fish discarded.
The screens were then operated manually by personnel on each shift
for twenty-four hours and all fish retained for the count. One
hundred percent of the operating intake volume was sampled.

Impinged fish were washed from the screens into a dis-
charge sluice and collected using a basket made from traveling
screen wire whiéh was inserted in the sluice prior to screen
washing.

Fish collected were identified to species (usually sport
fish) or family (suckers, bullheads, shiners), measured to the
nearest centimeter total length and weighed to the nearest five
gram increment. Up to forty fish of each species were weighed
and measured. If greater numbers were collected, their total weight

was recorded and the total number estimated using the mean weight

of individually weighed fish.
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NALCO ENVIRONMENTAL SCIENCES

Impingement data were summarized by NALCO ES biologists.
Summary tables including total number and total weight collected
per species and sampling date were prepared. Monthly total numbers
and weights collected were used to estimate the total number and

weight actually impinged using the formula:

Estimated Total Number Number of Days

Total Number = Or Weight x In Month

Or Weight Collected Number of Sample
Days

When sufficient numbers of fish per species were collected
monthly, length frequency distributions were prepared. Plant
operating data for impingement sampling periods were extracted
from hourly computer summaries of Plant operations supplied by
Wisconsin Public Service Corporation. These data included average
flow at rated pump capacities in m3/min and intake and discharge
temperatures in degrees Centigrade. A record of screen rotations
since the last sampling period was maintained.

Fish impingement sampling results are summarized in
Tables 4 through 15. Data per species include total number and
weight (kg) per day and monthly total. Means and ranges of total
lengths were calculated monthly.

Some grouping of species occurred. The group shiners
(Table 4) included mainly spottail and emerald shiners but could
also contain common and golden shiners and fathead minnows.
Bullheads (Table 4) were generally the locally abundant black
bullheads, but yellow and brown bullheads and stonecats were also
found in the area. The vast majority of the suckers collected
were .white suckers, but longnose suckers and silver and shorthead

redhorses may also have been included.

20



9188 0600 0071 "¢ 0661 058 "1 981 "1 (831) Iy8ram

¥'6¢ L¥-2¢ I1 I € € Z 0 0 7 Iaquiniy dien
ZUT B 0091 09L°1 008°'0 GZL T $2¥% 0 671°1 FEL'O (831) IyBrem

it G¥-9 22 ¥ L Z Z 1 ¥ vd IaquinN I23oNng
866 °59 097 °672 029°2 0%9°01 ¥8L %2  -L¥8°0 L08 "1 (831) 1ySram

€°29 ¥L-0¢ 09 ¥z v4 01 02 V4 V4 0 IoquinN a31d u.aay3ION
268 °01 26L°2 0L8°7 GHE ‘T L08°0 8200 (331) 1y8rem

S 91 62-9 €61 99 Fid 88 11 1 0 0 I9quInN peay|ing
LET '6 288 °'% G52 '¥ (831) 1ySrom

8*TT '2°SI-5'L 679 LE? 0 76¢ 0 0 0 0 IaqunN EEURLE S
8%9 29 1€2°S1 160 °01 7¥8 °G7 6€L°0 25% "0 $62°0 $80'0 (831) 3y81oM

8°91 GZ-6 108 881 cel GG9¥% ¥l 8 1 Z Iaquunpn yoaad moy|ak
021 6% 021 °6¥ (831) IyB1a M

Ll 61-%1 0T 0 0 ¥0E1 O - 0 0 0 Taquin N jlows moquiey

sai1dadg

i = S = = r = ajdures jse] =22uls pejexado

SU223J10S S2aW] JO Iaquuni

Bl=21 PARST 21-01 I =TI ¥1-8 21-L Z1-5 (D.) @anjexadwa; 281eydsig

& =9 L =S g -¥ 9 -¥% g -¢ Zz -0 T =0 (D,.) @2injexadwa) axeju]

0°L68 ¥'6LS 0°SLE L°L8Y 1°%82 ¥ "85S 8 ¥6L (ut/ w) moyy afeisay

. Iajswieled

UBdN  25ury 18301, 82/% ¥ 02/% 91/% ravk4 8/¥ ¥/ v

(wo)yj8ua] 1ejo], Ajyjuow

werTInd e

po309TT02 ej3ep

“GL6T ‘TTady ‘3jueld I8mod
jusuebutdut yst3y pue burijeasdo juerd 3o AJeuuns “*§y STJeL

A



0%0°0

(831) yBrem

0¥0 "0
FZE B2 I 0 0 1 0 0 Ioquinpn AoadweT
0€£0°0 0£0°0 (831) 1yB1om
Sl Sl 1 0 0 1 0 0 IaquunpN wnip I123emysaig
058 "1 0681 (831) 1yBrom
7S ¥5 [ 0 0 I 0 0 Iaquun N IN0I] MOQUIBY
00z°'0 0070 (331) 1ySrom
G2 g7 I 0 0 0 I 0 I2quin N sseq 211YMm
G010 S0T1°'0 (831) 1yBrom
g Sl 6°81-91 [ Z 0 0 0 0 IequunpN YSTJ231ym punoy
0€0°0 0£0°0 (831) 1yBram
ol 0l € 0 0 € 0 0 I9quunN M OuUUTW PI
899 "0 €650 GL0°0 (8s1) uSrom
£ "Ee 1¢-0¢2 ¥ € 0 I 0 0 Iaquinp akaliem
809 ‘0 €010 0°¢ °0 G800 (831) IyBrom (1oeig)
6 "8I $2-2°g1 9 € 0 7 0 I Iaquun N arddean
90% ° T 900 '¢ 0010 00€ *0 (831) yTram
9.°2¢ eh-¢? 9 ¥ [ T 0 0 Iaquunp j0qang
e i 1e10L 82/% v2/% 02/% 91/% 2/ ¥ g% v/ v
(wo)yiBuary 1e30], Ajyjuow
(penuTt3juod) *§ STgelL

e

22



S¥1'9 091°0 GLL"0 S0T ‘0 0091 0090 G6L T 06L "1 (331) 1ySrom
€62 Ly-21 11 4 Z I 0 I [ 3 I TaquinN diep
666 °G1 060 "1 0190 688 °72 FEE "L 096 ‘¢ 0950 (831) JyBreom
9°9¢ 6F-¢¢ 0?2 2 € ¥ 9 ¥ 0 0 I Iaquinpn Iayong
860 °1 6010 8700 9€0°0 Z61°0  96¢£°0 L6E°0 (831) yBrem
6°'%I 02-6 6% 0 0 1 3 ¥ L 6 1?2 raquunpy  jjews moquley
228 °22 SEV T 00% "8 $66°2 G19°1 GHE T 009°0  SS5°¢ 0L8°1 (831) yBram
781 82-6 617 07 011 S1 8 ¥l ST Le 01 IaquuinN peaylIng
i ] 88€ 0 00L ¥ S1¥ 0 0060 681 °0 IS1'T  009°0 (831) uBiom
9°6 91-5°2 90L LE 9LE 62 98 71 76 ¥L 0 IaquuinN 12u1yg
8F9°TIT S¥6 LI 008°1¢ 000 'S LLO 6 LIS LI 600°6 00€ %1 00L 01 (831) 1yBrem
D Y21 82~ 9891 yog 8cd 80T Al 207 78 0¥7 L21 IquInpN yozad mojrexk
050 °T19 199°6¢€ 006 "07 606 "0 (331) 3ySrem
08I 12-5 VLI PECT S6¢ Pl 0 0 0 0 0 Iaquunp aFImaly
so100dg
= 5 - - - - - - s1dwies jse] eouls pojerado
SU=22128 Saull] .uo HUDE.EZ
82-%2 97-2¢ 0E-¥%2 ¥2-02 72-L1 02-L1 02-51 91-21 (D,) @2anjexadwa) af1eydsig
61-81 12-81 £2-61 91 -%1 F1-11 SESEL 01-8 8 -9 (D.) @anjersdwal axyejul
0°259 2°61¥ 06901 8°F69 Z'0%L ) G < 1 S°199 (i ) MO7Y odeisay
v I2jswieled
uBdN 28uey 18101 0¢/¢ 92/ 6 22/ 81/g ¥1/6 01/¢ 9/ 2/6
(wo)yjBuerT rejOol ATYIUOW
'GL6T AeW ‘3ueld I9mod
yst3 pue burjersado juerd yo Axeuums G STJeL

weTTTNd 3€ Po3O°[T02 eiep JuswabutduwTt



G010 G010 (831) IyS1om
02 0z 1 0 0 0 0 0 0 1 0 TaquunpN arddean
$%9°0 G6¢€ "0 062°0 (831) 3yBtrem
L %2 92-¢2 € Z 0 0 0 0 [ 0 0 IaqunN sseq 9211UM
006 '¥ 081°0 00€ ¥ 0200 (831) Iy31oM
0°¥p¢ 6¥-L S I 0 0 0 ¢ 0 1 0 TaquInN joqang
SEL'0 657°0 02% 0 090 "0 (831) 3yS1oM
6°62 LE-6T G € 0 1 0 0 0 I 0 TaquInN ahaflem
S¥8°G s¥2°0 000°T 066 "0 050 "% (831) 1yBrem
vy LS-0E L 1 I 0 0 0 0 T ¥ zrequnN  931d UISYIION
uesy aduey Te30L 0g/g 97/§ 22/S 81/6 ¥1/s 01/4 9/¢ 2/s
(wo)yjBueT 1R300l ATYIUOW
(penuT3uUOD) g 9@Tdel

24



7691 0110 0 0 0LT "0 0 0600 79¢ "1 (831) IyBram
22 £66-5T § 1 0 0 7 0 [ 1 TaquinN diep
F10°0 0 0 0 0 0 0 $10°0 (331) 1yBram
€01 G'21-9 8 0 0 0 0 0 0 8 IaquuinpN 19U1YyS
08L "1 0€9°0 0 01270 G010 §79°0 0010 0110 (831) yBrem
62 €¢-81 &I ¥ 0 1 1 9 1 7 19quinnN aharrem
009°1 0 GGL "0 0 0 0 S¥8°0 0 (8s1) 1ySrom (3oe1d)
8°81 60°¢Z-¥'%¥1 9l 0 8 0 0 0 8 0 TaquunN peeyIInd
2%€°8 0L0 "1 0 06L "1 0LS "7 660 °1 0 LI8'T (831) yStom
P61 L2-6 £a 6 0 6 91 8 0 12 TaquuinpN peayling
0Z¥% ‘172 57 70 SLE"0 G0S ‘0 S0 "1 0%8 "2 0ET "1 00€ °S1 (831) 1yBram
6 L1 gz-01 90¢ € ¥ 8 il 7€ S1 0€7 ToquinN yoxad mo[jax
£88°0L7 GG 227G 279°666 096 296 P06 CL6T 006 "0%¢ L80 ‘1% 912 L% (331) 1ySrom
98I $°22-91 0%€79 78171 06602 6EEET 1415 G5€8 7601 1121 Toquun N ajtmaly
sa1o2dg
967 66T 891 0LT Fa1 1 90T ardwes jse] 20ouls pajeiado
SU22J1DS S2WI] JO I2aqUUNDN
2€-92 ZE=L2 LZ=22 §¢-22 0g€-9¢ QLT LZ-%2 (D.) @2anjeradwso) adxeysdsiq
62-02 G2-12 TZ=LT 61-91 61-81 61-91 81-L1 (D,) @anjeraduwia) ayeiul
6 'FPZI 6"€00T 1°€611 0°SLE L ¥¥S Z°9%2 0°56L AE_E\mEV mo[} afeaaay
g Iajauwieied
ueaN aduey [eIOL 62/9 €z/9 61/9 G1/9 I[1/9 L/9 €/9
(wo)yjBuery Te30L AJYyjuow
*GL6T dunp ‘Jueld ISMOd
pue Hurzeasdo jueld Fo Areuums 9 STJEL

weTTINd 3B Po3OSTTOD

e3ep juswebuTtdwT YSTI

@ )

2R



0€2°0 0€£Z "0 0 0 0 0 0 0 (831) Iy8rem
9¢ 92 I I 0 0 0 0 0 0 I9quInN arddean ¥
¢
: S91 0 0 0 0 0 0 691 '0 0 (831) 1IyBrem
¥e AN 0 0 0 0 0 1 0 Iaquuin N sseq 931YM
¥S¥ "0 0 0 0 0 0 0 ¥S¥ "0 (831) y8rom
9% 2°9% 1 0 0 0 0 0 0 I TaqunN 193209
G107 G160 0 0 0 006 'T 0 0 (831) 1y81oM
L9 47 OL=g2 € 2 0 0 0 I 0 0 Iaquun N a1d uxsyjioN
GL0°0 0 0 0 6L0°'0 0 0 0 (831) IyBrom
L) FI~ET S 0 0 0 G 0 0 0 Iequinp yoradinox],
URSN aduey JepPlL 62/9 €2/9 61/9 S1/9 11/9 L/9 £/9

(wd)y3Buery 1e30L ATyguom

(penuUT3UOD) *g @Tqel



01z°0 01z°'0 0 0 0 0 0 0 0 (831) wydram
§°L2 §°LZ [ 1 o 0 0 0 0 0 0 TaquunN N0} moquiey
00% 0 0 0 00%°0 0 0 0 0 0 (831) 1yBram
§cE g'cc 1 0 0 1 o e 0 0 G Taquny 12D
0900 0 0 0 0 090 "0 0 0 0 (831) JuBram
191 L'91 T 0 0 0 0 [ 0 0 0 1aquinN s6Rq 21YM
0%E "1 0 0¥%E T 0 0 0 J 0 0 (831) yTram
0¥ cp-cz7 2 0 z 0 0 0 0 € 0 Taquiny 1ayong
S6%°0 0 0 0 0 0 0 S6% "0 0 (831) yBiam
LED . §2-22 £ 0 0 0 0 0 o £ 0 Taquunp akairem
099°1 0 0 0 0S¥ "0 0 o1zl 0 0 (831) 1yB1am
Z'0¢ ¥¥-01 S 0 0 0 € 0 2 0 0 Zaquunp dien
S0L°0 0 0 069°0 S106°0 0 0 0 0 (351) 1gBapm (uapion
8 %I 6°%Z-6 ot 0 0 8 2z 0 0 0 0 Iaquupy  ‘Itepiedg) sautyg
059 °1 0 o 0ZL'0 1] 0 a 0 0 (831) 1yBram (H2e19)
022 9Z-91 ot 0 [¢] ¥ 0 0 9 0 0 Jagquunp srddexn
60% ¥ 0 0 0 000°1 806 °0 5091 0 968 ‘0 (331) wBram
SEF £ E5-LE 9 0 0 0 1 1 £ 0 1 Taguuny aid urayjroN
01g°z 061°1 S¥E 0 0 0 0 SZE'0 0 (831) WBram
B'tE §'6¥-52 L ? 7 0 0 0 1 z 0 daquunp] jeqang
F65°G S¥¥°0 0081 780 °1 SLE D GT1°T 059°0 L9111 0 (831) JyBram
0°81 sez-L'el €9 ] ot Sl A ¥l 9 6 0 Aagquun N yoaad moyjag
81982 - 2211 0580 oLz'z 0€8 7 FES 6 080 6 S16°0 L10°e (#3) 1yBam (x12mg)
661 LEZSZT LOE o1 9 B¥ 61 LIT 06 8 6 Jaquunp peayng
P26 %081 BET "211 06 61 99€ 6% 1 0L 0% 89% ‘%9 $69 '18¥ 87 '£2¢ 0% "6¥G (851) 1ydram
581 s22-¥l1 £76E¢ 05%7 0TS SPLE 957¥ LSBT 2806 1£08 2¥¥8 Taquuniy SFWABLY
z saroadg
8e1 $22 ¥I2 081 9LT rzz 222 857 ajdwes jse] 2suts pajetado
u3al1ds sawl] Jo Jaquunpy
92-02 0£-92 2€-8¢ 0€-62 0€-52 2€-82 vE-82 2e-0¢ (9,) sanjezadwa] adieyssig
02-91 ¥2-61 §2-2¢ #2-0¢ Z2-61 §2-t¢ ¥Z-12e 92-¢2 (23.) sanjezadwa] ayejul
670811 £°0L8 L8007 L'E0%1 S 'BSS 8911 1824 Z'29€1 (Uypoth) aot g ofedaiy
Iajawieded
= L
AmEuuMa % bt TRI0T, 82/L sz/L 12/1 Li/L /L 67L S/ /L areq
HiduaT Tejo], Arqauomw
. 4
GL6T ATnr ‘3jueld Iamoqd
L @TY9EeL

werTInd 3e

T

pe3oaTT0o eiep juawsburtdwr YysT3y pue burtjexado jueld jo Axeuumsg

27



07200 0 0 0 0 0 0 0700 0 (831) 1yTram
0°¥1 vl 1 0 0 0 0 0 0 I 0 Taquun N uowes O0Yoo
0620 0 0620 0 0 0 0 0 0 (831) ydram
$'s¢ §'5¢ 1 0 T 0 0 0 0 0 0 zaquinp umog
529°'0 0 0 0 §29°0 0 0 0 0 (331) 1yBrem wnip
0°Le LE T 0 0 0 I 0 0 0 0 Taguim N 12jEmysald
00z 0 0 0 0 0 00Z°0 0 0 0 (1) ydram
0°z2 22 I 0 0 0 0 1 0 0 0 IaquInp awddean
08£°0 0 0 sLz 0 0 0 0 s01°0 0 (831) aydram
0Lz 0E-%2¢ ? 1] 0 1 0 il 0 1 0 IagrunpN afariem
6E1°2 0 0 0 6851 0 0 065 °0 0 (831) 3ydiam
ELY 19-12 £ a 0 (1] 1 0 0 Z 0 Iaquuinp] ay1d uaeyjIoN
0011 0 0 0 0 0 0 0 001 "1 (831) qdram
0°1¢g 6€-92 3 0 0 0 0 0 il 0 £ zaquinN dreg
SHZ'1 0 0 0 0 SFZ'T 0 0 0 (831) 1qdtam
£'L2 L°0€-81 S 0 0 0 0 S o 0 0 TN 1ajong
06L°T 0 0 0 0 066°0 0 S22°0 §L6°0 (831) yBram
§ieE 6¥-£2 8 0 0 0 0 z 0 7 2 1aquin jogang
G658 §82°0 0051 GLG 0 G5L°T SLZ°1 §LZ°1 08z "1 0EF "1 (83) 1y8ram
88l 52-6°¢l 121 21 61 S 87 L1 L ST L1 1aquuny ysaad mofjax
’ LOL9E 01562 9261 0 908 °0 SGE°2 0 GRL"T §ZL°0 (831) ayBram (oe1d)
vrLl 82=L 0F¥ 8G¢ Lz o LT 81 0 S1 11 Laquuinpn peayIng
y L 508 S05°0 91669 915 %2 $58 ‘6% 9LLOTT 998 "GE 816 °62¢ 96% "261 (831) IqBram
z'gl 6 0Z-1"¢l 02102 z1 SLFT S6¥ ELIT 6667 08L £59. 0£56 1aquinp apImaly
galoadg
891 81t 0gt 091 L g 791 9L1 #L7 apduwes 18e] 9ours pajetado
SU@IIDS Saw] JO IaqUUnp
92-£2 Le=52 62-%2 0E-62 0£-92 92-%2 6Z-%¢ ¥e-61 (9,) samjezadway afawyssig
61-81 22-61 12-61 12-02 22-02 6T-LI 12-81 81-51 (D,) @anjeradway, a¥eju]
I°¥ES 87115 L60L ['9¢L £'EE8 8 2¥e £°209 2°189 (v w) mopg eeiany
Igjaweled
ueaN afuey T=30], 0e¢/8 az/8 Z72/8 81/8 v1/8 01/8 a/8 HE] 23ed
(wa) yaBuarg 1B30L Ayuop
*GL6T 3IsSnbny ‘jueTd ISMO4d
pue butjzexado jueld jo Axeumns g8 STJRL

weTTIRd 3B PIIOS[TOO ejep JuswabuTdwT YsSTI

p

28



0%0 "0 0 0%0 0 0 ] 0 0 0 (331) ydram
0'0% 0¥ T 0 [ 0 0 0 0 0 1aquun 19xong
S01°0 0 0 0 5L0°0 0 €00 0 (83) ydram
6°F1 0Z-21 S 0 0 0 £ 0 z 0 1equiny jeqang
8€0'0 0 0 0 0 0 8¢0°0 0 (831) 1qBram
£°'8 0l-L S 0 0 0 0 0 g 0 Taquinp srddeap
1€0°0 0 0 0 0 0 1£0°0 0 (351) 3ydram (11e130dg)
£°L 8- 2 9 0 0 0 0 0 9 0 1aquiny 1aulyg
S98°0 0Z1°0 0 0s1°0 06£°0 0 502°0 0 (831) 1yBram
0°22 GZ-¢€1 4 1 0 1 ¥ 0 I 0 Taquny sseq 2I1YM
0200 ¥00°0 0 0 8000 0 8000 0 (831) WFrem
€75 8-¥ 5} 2 0 0 [ o z o 13qUUNN mdanig
88¢ "0 0 €970 §L0°0 0 0 8%0°0 0 (8%1) 1yBrom
6°91 12-9°8 6 0 € 1 0 0 S 0 Taquunp akalrem
L68 T 550 °0 815°0 SEF 70 Y0 0 SEV 0 0 (831) ydrom
¥zl 1z2-9 gz1 S L 8 95 0 75 0 aquiny dren
vER 6 0¥Z°0 9S1 "2 06¥% "2 SET'I 286" 1 0585 °0 5L8°0 (831) 1yBram
6%l §'Z2-9 zg¢ 92 €51 97 ‘ 4 71 8% S1 TaquUn N yoaad mofjag
96% "67 Z1Z'0 756°2 S51°1 852 21 886 6 008°1 TES'T (F51) ayFram (d2e1d)
€781 L2-5 6L0T sl 91 €1 ZLE 655 LL L¥ Tagquun peay[Ing
120°LY SE€°0 £6T'6 96801 £06°S 86491 2£9°¢ 970 (837) ydram
691 12-5"2 8LIT St €572 £67 €% 267 s01 LE 1aquuiny ajimaly
saioadg
252 BL1 967 £F1 222 907 FF1 a1dwes j8®] 20uls pajelado
SUDBIIE SIWIT) JO IaqLUNK
A | §Z-02 Le-12 S¢-0¢ 92-22 92-%2 g2-€2 (9,) @anjeaadwa] a281eyseig
FI-T1 91-~Z1 61-51 81-91 61-91 0z-91 61 ({D.) sanjesadwa] ayeju]
L 69¢ 8°12L L %001 6°FLE 5696 6'GLE 9°8L9 _.c_.E.___mEW mo1 g afeiaay
Iajaweled
uea aduey T=i0L 92/ 6 £2/6 61/6 SI1/6 11/6 Li6 £/6 23ed
(w3) yyduag rejo L ATyuon
*GLeT Ioqueldeas ‘jueTd Iamod
weTTTnd 38 Po3OST10o ®3lep Juswaburdwut YsTJ pue burijersdo jueld jo Azeuuwmns 6 STJeL

J

J

29



28070 0 0 0 0 Z€0°0 -0 0 0 (831) ySam

§°81 5 *81 I 0 0 0 1] 1 0 1] (1] Iaquunp] WS MOquUIE
06L°0 0 0 0 0 05L°0 0 0 0 (831) wyBram

0 0% 05 I o] ] 0 0 1 ] 0 0 TaCUINN 3T UIsyjIon
0F% "1 0 0800 0 0 $99°0 569°0 0 0 (831) yBram

0°€2 SE-91 L 0 I 0 0 £ £ 0 0 JaquuInpg adalrem
02170 0 0Z1°0 0 0 0 0 0 0 (331) dtem

901 £1-8 8 0 a 0 0 0 0 0 0 Iaquunp wnI I9jemysal T
089°0 0 0 0 0 s2e 0 0 5570 0 (851) uTrom

6 Fl ¥2-01 ot 0 0 4] 0 g 0 g 0 IDCLUNN] sseg ITYM
6L6°0 0 €210 0 0 0 0 958 *0 0 (831) 1qBram

821 22-6 12 0 & 0 0 (¥] 0 ¥l 4] Taquunp dien
S8E°0 S8E 0 099°0 0 0 S8% "0 0 Li¥ 2 0 (d31) wyBram

g9z 95-6"61 ¥e z £l 0 0 ¥ 0 S 0 IaquIny joqing
SET T 0 SET°T 0 0 o 0 0 0 (831) yBrom

86l 81=¢1 8Z 0 82 V] 0 0 0 0 0 Taquunp] Ieyong
8%S 0 0 8EF°0 0 0 S20°0 0 S80°0 0 (831} aydram

£LT S'81-9 ZL 0 L9 0 0 1 0 ¥ o IaquUInp 12Uty
92L°22 SZ1°0 S0€°Z 0 0 969°51 0 052 °¢ 0s€ "1 (831) mfram

6%l 22-% 216 L 661 0 0 £29 0 69 0z AqUInN SITMATY
218708 SET 1 998 "5¢ 8L1°¢ o110 £50°L 29L°0 80L°2 0 (831) yBram

17l 1€-§ 2ELe 9% 8161 LS 1 8% 6 £l 4] I3QUUINN pEaYIING
LEG"LET L28°¥%1 256 68 8%¥ °5 26L'12 P29 9% 008 "¢ 0Lz s $22°0 (831) ydrom

601 2Z-8 86051 588 L68Z 685 z022 61%F 0E8E €57 £Z IaquInpn qa1ad mollai

sa1nadg
9€2 882 PLT 9L2 pel 962 8¥I 881 ajdwres 3se| 8ouls pejeiado

! SU3aID8 sawly jo kvn—Eﬁz

6°02-€°F1  6°02-5791 6°02-0"91 0°'22-9°L1  0°'22-9°L1  9°€2-0°LI 9°22-5°91 0°2Z-0°L1 (D.) sanyeasdway adxeyds1q

9°¢1-¥°6 9'¢1-¥%'6 0CTT-818 ¢Uel-676 ZEl-6°6 B FI-9°¢1 9 "Z1-0°10  Z'e1-9°11 (D,) samjeradura] axeiul

£ 6¥F6 L°989 ¥1¢8 0°.89 6°L29 8 "FhL L 90% LUSEY (upu/ w) molg aFersay

I3)2WEBIBg
uEIP aduey TEIOL 62707 2701 TZ701T 1701 £1/01 65/ 0T IO 1701 EXEle
{wa) y38uaT 1e301 Appuopw

*GL6T I2O3DQ ‘JuRTd ISBMOJ
weTTInd 3° pPa3da[100 eiep juswaburtdut ysTtJ pue burtjeasdo juerd Jo Axewwns QT oT9elL

) @ = w

30



05% "0 0 0 0 0 0 0S%°0 0 0 (831) uBam
0°1s s 1 0 0 0 0 0 [ (] 0 1aquunp 1en
080°0 0800 0 0 0 0 0 0 0 (331) ydram
012 1z I I 0 0 0 0 0 0 0 Taquunpy ys1peo [auueyn
SLTF 097 °¢ 0 $16°0 0 (] 0 0 0 (831) yuBrapm
8705 89-L¢ € 2z 0 I 0 0 0 0 0 1aquunp a1 uIay IoN
8%1°0 8¥1 "0 0 0 0 0 0 0 0 (831) yBram
9°11 £1-01 9 9 0 0 0 0 0 0 0 1aquunyg dxen
726971 09% 1 0 261°0 0 0 0 0 0 (331) o m
1°'s2 15-91 8 € 0 S 0 0 0 0 0 Taquunp jogang
1L "0 5020 0 £71°0 0 0 OLE "D 0 0 (831) 1ydram
6791 GZ-%1 Z1 ¥ ] ¥ 0 0 ¥ 0 0 Taquuny 193205
0BZ "0 SIT'0 1] 0 o i} 591°0 0 0 (331) 1yBram
£vl 02-01 €1 L 0 0 0i 0 9 0 0 1aquunp sseg 231yMm
05861 SEL'T 0 0 0 0 S50°0 091 "81 (] (831) 19drapm
R 81-01 2069 89 0 0 0 0 3 1€89 0 Laquunp eIty
G9L 19 9%2 ‘22 SBZ I L96°8 80% "0 §99°0 0SETl L9L'¥ LLG T (831) dram
el 582~y 6912 16€ ST €79 06 S £09 80¢ ¥£2 13quunp peayrIng
20€ 201 10€ "1 I5T 'L €65 ¢l 0¥S ¥ 122°s ¥88°02 9EF 'S T 9LE ‘12 (831) ydram
£ 02-8 £189 L86 F12 99% 00€ 255 LEPT g0zl 6391 1@quuan yazag moT[2X
saroadg
ovl gg? 891 FLI 9¢l PLT 00€ 91¢g apdwies 3sel #durs pajesado
e U3DIDE SIS JO IIGLUNN
2°8-979 g*2I=2"°L 9'21-2°8 0 LI-%701 §$°9[-8°'8 Z261-8°%I1 g'6I-8"%#1 0°91-2 "¢l (D.) @anjezadwa] afaeyosig
T°T-1°1- 8°2-0 0°5-2°2 GG ¥ LoL-8°2 1°21-2"8 $'01-8°'8  2°'8-7°L (D.) samjeradwa], syeiul
9°01€ 8 18% G'glg 9 °00% €9°2¥5 £'Z76¥ €829 1°609 (uii/ cur) mol g e8eaaay
hﬂaUEﬂhﬁn
ueal afuey TE30L 0E/11 CERAT e/l gl/11 FI/10 oL/ 11 9/11 Z/ 11 EXES|
(w2) y3BuaT [e10L Aryiuow
*GL6T I2qWDOAON ‘jJueTd I=amod
WeTTTnd 1B pPo30a[[00 elep Juswebutrdut ysty pue burjexado jueTd Fo Axeumns °TT oTdqel

J

31



NALCO ENVIRONMENTAL SCIENCES

J

SI1°0 0 SII°0 (1] 0 0 ] (831) Jydram (M2e1g)
0°02 0°02 1 0 1 0 0 0 0 zaquuinp arddean
e ) 0 0 0 L21°0 0 0 (831) IqSram
£°02 0°12-0°02 £ 0 0 0 £ 0 0 aaquuinyy jaws moquiey
0%0 "0 0 0 0¥0 "0 0 0 0 (831) 3ydram
0°¥%5 0°91-0"0T ¥ 0 0 ¥ o 0 0 zaquunp ayimary
560°0 5600 0 0 0 0 0 (831) 1uSram
51 0°21-5"6 S S 0 0 0 0 0 1aquInpy sseq 2TYM
S51°0 o 0 0 0 §S1°0 0 (331) yBram
0°st1 0 LT-0"2T 2 0 0 0 0 8 0 1aquunp akaucop
082 °0 S71°0 0 001 "0 0 G50 °0 0 (831) qdram
621 0°61-0"6 ¥l 9 0 ¥ 0 ¥ 0 1aquuny WNIp I23eMYSDLT
075 ‘L 980 % S€2°0 SLL0 £88°1 LFEO $6L°0 (831) 14Bram
191 0°'92-0°6G LLT 8L It 81 52 L 6% a3quunp prayrIng
06% "9 0 0 0 19£°0 0 62179 (831) 1yF1am
LT 0°91-0°8 095 0 [4] 0 i 0 L¥S IIGUINK pEYS pARZZID
LT L F6L 0 9670 96270 Z0L°1 951 °2 626°1 (331) 3o m
Foll 0°61-0"6 195 66 St St ¥L ¥ee ¥zl 1aquuny yaxad motra g
satoadg
98 sl 202 961 012 Z2€1 ardwes jse] aouts pajerado
uBSIIDE SIUITY Jjo I B LUTIR]
LEL-80E 9°'T1-0"S 9 Z1-0'g L3 A Y Sall £FI-1"9 6°6-% ¥ (D.) samyeasdwiay, afreyssiqg
i e B 9-'0-9% 1= 0-9°0~ B 2im0 9°0-0 9°0-9°0- (0,) Panjezadwiay, ayejul
1°¢12 9'88¢ 9°¥9¢ | €165 9°2¥¢ (ut/ ) mog aBedany
. I338Wele
ueap afuey TeI0L - 8Z/21 ¥2/1 0z/21 91/21 Z1/21 17Tt EXETal
(wd) yyBua B30 Auruopy
*GLeT Ioqueaoad ‘IJueTd ILaMOd
weTtTInd 3e peloelloo eiep juswabutdwt YsSTF pue butzeasdo juerd Fo Axeummng "z STgeL

32



0€0°0 0 0 0 0£0°0 0 0 0 0 (831} yBram

081l 0°81 I 0 0 0 1 0 0 0 0 1aquuny joqang
SST°0 0 0 0 0 SE1°0 020°0 0 0 (831) uBam

Z°91 0°L1-0"91 S 0 0 0 0 ¥ [ 0 0 Taquunp 193208
} 601 "0 0 0 0 0 0¥0°0 0 690 "0 0 (331) IyBram

96 0°£1-0°T1 L 0 0 0 0 £ ] ¥ 0 aoquunpy ssed 2ITYM
#5770 0 0 1] 6l1 "0 0E0 0 0500 S50°0 0 (831} 1gdrom

921 0°LI-0°0T1 a1 0 0 0 8 2z S € 0 ZaquInpy wina 1ajemysalg
895 1 0 £80°0 0L2°0 52270 10%°0 S71°0 65€°0 S80°0 (831) aydram

902 0°52-0"'6 2L 0 L ol L St L £2 € Taquuny pesy([nd
L¥9°01 ¥66 ¥ 189°0 95% "0 ¥SE 0 S81°0 8%7 "1 0Lz 2 655 °0 (831) ydram

I°11 0°¥1-076 5021 625 86 9L €L 8l FG1 ¥E2 €2 Taquunp yd1ag MO[I2X

saroadg

a¥1 00z 781 057 8s1 957 951 861 ardwes jsey asuis pajeaado

. uUIBIDS SAUITY JO IDSGLUTPN

0°91-0"9 F'6-9'S 2IET-0"9 8°E1-079 8'€1-0'S 8°'%1-5°6 $G1-5°S  8'61-8'8 (D,) 2amyeradwag adxey2s1iQg

9°1-9°0- 0-9°0- 1°1-9°0- 2'2-9°0- 90-1"1- 9°1-9°0- £°¢€-9°0- 0-0 (D.) anjeradway aeIul

6°19% 9°01¢ 9°185 ¥9g€ ¥2gs ¥1L09 R €1 G LB (nu/ w) mord adeiaay

I2]BWETIEg
TR afuey T¥90L 6Z/1 SZ/1 12/1 81/1 €1/1 6/1 S/ /1 23eQ
(w2) y38uag 1ej0] Apyauopy 4

.L\-_“/.

weTTInNd 3e PI3IOSTTOD B3Ep juswabutdwt YsSTF pue

*9/6T Axenuer ‘jueld I=amod
put3zeaado juerd jo Axeuwwns g1 °TJBL

33



NALCO ENVIRONMERNTAL SCIENCES

i : 8€0 0 0 0 0 0 8€0°0 0 o (831) wBram
9 0°91 1 0 0 0 0 I 0 0 Iaquany Ia3ong
oo 0 £00°0 0 0 25070 0 0 (Fv) wdtapm (11enodg
€L §°'8-0'9 4 0 1 0 0 I 0 0 Jaquunp ‘preiowg) IIUlYg
P1F 0 0 0 0 0 F1% 0 0 ()} (831) 1ydrom (reeid)
012 0°22-0'02 £ 0 0 0 0 £ 0 0 1aqunp arddazn
bEV 1 0 29¢°1 0 0 0 0 LLOTD (831) 1yBram
0°Z¢ 0°05-0°27 I3 0 I 0 0 0 0 z 1aquuny joqang
6ET 0 0 0 960°0 0 LS00 0 9200 (831) 1yBram
601 0°2t-0"01 [ 0 0 5 0 £ 0 1 Faquunp dien
827 °0 0 000 0 o 8%0°0 0 0510 (831) 3yfram
BT 0°02-001 z1 0 I 0 ] I 0 01 1aquunyN sseq 2ITYM
6L "0 0 0 0 £61°0 91070 951°0 FIT'O (831) 3yBram
ESET 0°*8I-0"01 8z 0 0 0 ’ [ [ o1 8 IaqUInp] Windp 1ajemysatg
LLs 1 2L0°0 ZL0°0 1800 9%5°0 [£1°0 122°0 5 ] (331) yBrom
v 0°9Z-0°9 1e1 1 01 o1 87 81 92 82 apquuny peayIIng
200°L +€°0 86¥ 70 FLEOD 6S6 1 559 °0 1S% 70 P (8%1) 1yBram
z°11 0°02-0"8 ¥29 33 57 vz 671 16 FL 8¥2 aaquinp ya1ad morax
garoadg
89¢ g07? 9¢2 9L 001 891 ¥Z1 ajdwes jse[ asuts pajeaado
ua2128 mmemu M.U -—.U.#En..z
¥OL-+"F g'8-8'¢ ["2i=-%"% e Bl EIL 1°21-0°% ¢ RI=9 9 9'Z1-0"¢s (D.) @amyeaaduwa] afreyosig
272-1°1 9'1{-)-2'2- 9°0=1"1~ =22 9°0-9"0- 1°1-9'0- 9°0-1°1- (5,) 2amjeaadwa], ayeIul
¥'925 9°01¢ FE09 LAt 9°8s¢ 5'925 £08¥ (utw/ o) mord 28e12ay
13)9WBIEg
eI aduey 18301 97/2 22/2 81/2 v/ 01/2 9/2 Z/2 238
(w2) yaduag [ejoL Ayauopy
*9.6T Axenaged ‘3ueld Ismod
weTITnd 3e PS3Oa[T0O e3ep juswsbutdut ysty pue burjeaado juerd jo Axeumms T @TdeL

34



NALCO ENVIRONMENTAL SCIENCES

8%0°0 8¥0°0 0 0 0 0 0 (831) 1qdiam
4781 L8l 1 | 0 0 0 0 0 1aquunpy ys1j3ed [auueyD
9500 950°0 0 0 0 0 0 (831) 1ydtom
002 0°02 I I 0 0 0 0 0 Iaquinpy akafrem
10£°0 0 0 0 0 0 10£°0 (331) yBam
0°'BE 0°BE i 4] 0 0 0 0 1 Taquinp as1d urayjzon
8L0°0 0 0 0 0 0 8L00 (831) uBrom
e"91 0°L1-0"91 2 0 0 0 0 0 2 Iaquunp] 1axons asouduory
887 "0 0 0 0 0 0 887°0 (831) Iudam (t2erd)
0°zz 0°€2-0'17 z 0 0 0 0 0 z 1aquiny arddern
180°0 0 0 ¥£0°0 0 0 L¥0'0 (831) 1yBram
g€l 5 '¥1-8°21 € 0 0 I 0 0 d 1aquunpy seeq 9 TYM
8¥¥F "1 0 0 0 ] 0 8¥¥ 1 (831) 1yBram
687 €061 £ 0 0 0 0 0 £ aaquinpN joqang
£11°0 0 0 0 0 8500 5500 (831) 1yBrom
021 g°el-0°01 L 0 0 1] 0 ¥ 3 Zaquunp] wnip Iajemysal
16Z°0 SLT 0 0 0 911 '0 0 0 (831) 1ydram (a31yum)
9°51 0°61-0"%1 z ¥ 4] 0 € 0 0 ISQUUTA] daxong
8E1°0 g2E1°0 0 0 0 0 0 (231) 1yFrom
9°11 GEl-¥ 6 g g 0 0 0 0 0 aaquunpn yozadinoxy
£60°0 020°0 0 020°0 0 0 £10°0 (831) Bram {T1en0dg
Lt B0l 0"Y o1 € 0 2 0 0 g Iaquunpy preIawisy) Iaulyg
6911 681°0 $80°0 S01°0 621°0 9LT 0 98% "0 (331) yBram -
9701 0'12-0"L 08 6 6 ol L 51 0¢ 1aquunp prayrg
88L ‘81 60€ 91 6110 61%°0 ZH1°0 58% 0 9L1 1 (331) IySram
i 0 9°1Z-0°8 o1zl 1001 It 92 T 0¥ A 3 Laquunp yo1ad mor(ax
% satoadg
¥ee " g£?T nge 902 9¢7 481 ardwies jse] aouls pajeaado
uIIIDE S JO IQLUDK]
9°21-%"% T*2T-2.%L Z2°¢1-9°9 8eI-9"¢ 9°'11-8'¢ Z°€l-8°¢ (0,} @angeaadway adreyasig
£°€-9°0 8°€-2'2 £g-1"1 Z°2-9'0 9°'1-0 2'2-9"0 (D.) @anmjexadwa], 2yejul
¥°829 9°£29 £°L98 ¥°L09 Z2°¥%29 109 A:.Ech_‘mc: mo1 g a8eraay
I9joWRIRg
ueIP aduey 18101 77/¢ LT/E €1/¢ 6/¢ s/t /¢ ERETe]
(wo) y3Buag [eI0L Apqauop
*g9/6T UDIBW ‘3ueTd I=amod
weTTInd 3® po309[T0o ejep juswsburdwr ystF pue burjexsdo jueld JO Axeumms *GT 91ded

3b



NALCO ENVIRONMENTAL SCIENCES

B. Eggs and Larvae

Sampling for entrained fish eggs, larvae and juveniles
was conducted weekly from April 1 through August 31, 1975. Samples
were taken in the common discharges for Units 7 and 8 and Units 5
and 6. Discharges were selected for sampling for two reasons:

1) to eliminate possible intake vertical and horizontal stratifica-
tion, and 2) to sample in a strong current to decrease net avoidance.

The common discharge for Units 7 and 8 was chosen as
representative of the water drawn from the Fox River (south)
intake. The discharge for Units 5 and 6 was chosen as strongly
representative of the water from the Green Bay (north) intake.
Water from both intakes at times probably mixes in Units 5 and 6
but usually only Units 5 throﬁgh 8 were operating. Discharges
for Units 3 and 4 were sampled on occasion but the current was
insufficient to deploy the nets; samples were thus not considered

representative. For the purpose of analysls, it was presumed that

R

all water flowing through Units 7 and 8 came from the Fox River

and water flowmng through Units 5 and 6 came from Green Bay When

only UnltS 7 and 8 were operatlng, all water was presumed to
originate from the south intake.

Entrainment samples consisted of quadruple replicates
(two nets set twice) taken at 1600, 2400 and 0800 during one
24-hour period. Number 0 mesh (526 p aperture) Nitex cone plankton
nets with one-meter barrel collars were used. Each net was
equipped with a General Oceanics Number 2030 digital flow meter

centered in the net opening. The total number of cubic meters
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sampled per net set was computed using the appropriate formula.
A target number of =50 m3/replicate was chosen but the actual number
varied with sampling conditions.

Fish eggs, larvae and debris were field sorted using
a fluorescent lighted macroscope and eggs and larvae were preserved
in 10% formalin for laboratory analysis. Eggs were counted and
measured to the nearest 1/10 millimeter using a Bausch & Lomb
Stereo Zoom 7 microscope fitted with an ocular micrometer. If
eggs were too numerous to count, a subsample was taken and the
total number estimated. Eggs were tentatively identified to
species. The large variety of species available in both Green
Bay and the Fox River made absolute identification impossible.

Larvae were measured'to the nearest 0.1 mm, identi@}ed

to species or infrequently to genera or family using Fish (1932),

Mansueti and Hardy (1967), Norden (1961), various single-species
references and NALCO ES reference collections from lake and river
systems. Juveniles were separated from larvae when young fish
attained full a&ult fin ray counts (Mansueti and Hardy 1967).
This system is somewhat arbitrary but is only intended to give an
indication of the relative age and size of animals entrained.

All larvae and juveniles_gf each species can be lumped as young-

of-year.

Plant operating data collected on entrainment sampling
days included intake and discharge temperatures (°C), flow through
each unit (m3/min) and percent of total Plant capacity at the

time each sample was taken. Intake and discharge temperatures were
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taken concurrently to sampling using a YSI Telethermometer. Intake
temperatures, pumps operating and rated capacities and percent
total turbine capacity were provided by Wisconsin Public Service

Corporation.

Monthly summary tables of Plant operating conditions

and egg and larval total numbers and concentrations by water
souréé-were prepared. Observed densities of eggs by diameter
range and of larvae by species were calculated per sampling day

and a monthly mean computed. The estimated total number of entrained

eggs and larvae was calculated using the formula:

Total Mean Mean Days
Entrained = Monthly x Observed x 1440 Min x In
Density Flow Day Month

(No/m3)  (m3/min)

The average volume of water sampled per net set over the
entire sampling period was 58 to 62 m3 (Table 16). The average
number of cubic meters passing through the nets per day was approxi-
mately 12 times this number (4 replicates, 3 times per day). This
would be approximately 540 m3 of Green Bay water and 1092 m3 of
Fox River water in April. Limiting factors in the maximum number
of cubic meters sampled were first the flow rate in the discharge
and second the volume of zooplankton, phytoplankton and detritus
collected per net set. Ranges in volumes sampled stem mainly
from variations in discharge flow during the sampling period
(high flow during the day, low flow at night) rather than differences

between replicates.

The total numbers of eggs and larvae collected per

replicate, day and month are summarized in Tables 17 through 21.

— —_—
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The total numbers of eggs and larvae collected were zero in early

e

Aprll, reached their peaks in July and decreased to zero in late

August.

Plant operating data collected concomitantly with entrain-
ment sampling are summarized in Tables 22 through 26. Data include
intake and discharge temperatures, flow through the plant from
each water source and total percent of Plant turbine capacity.

Egg;_gollected at the J. P. Pulliam Power Plant could

not be p051t1ve1y 1dent1f1ed to spec1es due to the number of

species wlth overlapplng spawnlng times and egg dlameters. Tenta-

tive 1dent1f1cat10ns were based on comparison of literature
researched data with the time of year, water temperatures

(Tables 22 through 26) and meésured diameters of the eggs collected.
Egg diameter frequencies for each month were prepared and literature
extraced egg diameters for various species were added when appro-
priate (Figures 10 through 14). Early spawners shown in Figure 10
include rainbow smelt, northern pike or white sucker and an
unidentifiable intermediate group. The 1.4 to 2.1 mm egg diameter
group in May indicated the beginning of carp spawning (Figure 11);
others in Figure 11 were not identified. Diameter frequency
distributions for June (Figure 12) weré-thought to indicate ale-
wife and possibiy Notropis spp. spawning in the 0.6 to 1.3 mm

egg diameter range and carp spawning in the 1.4 to 2.1 mm egg
diameter range. Continued spawning of alewives and possibly

Notropis was indicated during July and August (Figures 13 and 14).
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Figure 10.

Diameter-frequency distribution of eggs collected

from Fox River and Green Bay water at Pulliam Power
Plant, April 1975.
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Figure 12. Diameter-frequency distribution of eggs collected

From Fox River and Green Bay water at Pulliam Power
Plant, June 1975.
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Figure 13. Diameter-frequency distribution of eggs collected
from Fox River and Green Bay water at Pulliam Power
Plant, July 1975.
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Figure 14.

Diameter-frequency distribution of eggs collected
from Fox River and Green Bay water at Pulliam Power

Plant, August 1975.
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Eggs collected were grouped by naturally occurring
diameter ranges indicated in Figures 10 through 14 and larvae
were identified to the lowest positive taxon. Daily and monthly
mean concentrations were computed (Tables 27 athrough 36). Larvae
and juveniles were separated only to indicate the relative age
of the fish. Only larvae were found through June (Tables 31
and 32). The appearance of juvenile carp, drum, smelt and shad
in July (Tables 33 and 34) indicated that these species spawned
earlier and some growth had occurred.

The collection of both larvae and juveniles of a single
species indicated spawning in the Plant area. The collection of
eggs of the same probably species added strength to the assumption
of spawning near the Plant. épecies which spawned near the Plant

include rainbow smelt, alewife, yellow perch, carp and freshwater

drum.

Cia Additional Data

Green Bay is the most eutrophlc and commer01ally productlve

——— e et —

portion of Lake Mlchlgan, averaglng flfty percent of the annual
commeigial fish catch for the lake (Wells and McLain 1973). It
is lelded into a dgep northern end which supports cold water
species and a shallow southern end characterized by warm water
species (Epstein et al. 1974).

The Fox River is a highly eutrophic river draining
Lake Winnebago to Green Bay. In addition to the indigenous popula-

tion of pollution tolerant organisms any of the 76 species of

Lake Winnebago (Priegel 1967) could be encountered in the river.
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Kernen (1974) studied fish populations in Green Bay and
the Fox River and Robinson (1976) studied fish populations in the
area of J. P. Pulliam Power Plant. A combined species list is

presented in Table 37. Those species making up a significant

percentage of catches in the river or bay are marked with an

PR

"A", abundant. These species include alewives, carp, white suckers,

black bullheads, burbot, white bass and yellow perch. These

same species are commercially exploited in the area (Table 39)
and cited by £I;;Evi1§66} as representative.

Commercial catches reflect demand as well as abundance,
not population levels directly, but are useful in indicating
important species. Commercially important species in which
Wisconsin catches contribute 50 percent or more to the Lake Michigan
total include: alewife, carp, suckers, whitefish and yellow perch.
Several other species are caught almost exclusively in Green Bay.
These include: northern pike, bullheads, burbot, lake herring,
freshwater drum, white bass and walleyes (Table 38).

Commefcial fishery statistics for Wisconsin District 1
or southern Green Bay are shown in Table 39. These data emphasize
the predominance of.warm water species including alewives, carp,
suckers, northern pike and yellow perch in southern Green Bay.

Cold water species such as chubs, herring and lake trout comprise
small percentages of landings.

No species listed as endangered by the Wisconsin Department
of Natural Resources (1975) were found by Robinson (1976) or
Kernan (1974). The longer sunfish listed as "changing status" was

reported by Kernan (1974).
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Table 37.

of Green Bay, Wisconsin.@

Fishes of Green Bay and the Fox River in the vicinity

Common Name

Scientific Name

Occurrence

Fox River

Green Bay

Lake Sturgeon

Longnose Gar
Shortnose Gar

Bowfin

Alewife
Gizzard Shad

Mooneye

Rainbow Trout
Brown Trout
Brook Trout
Lake Trout
Coho Salmon
Chinook Salmon

Rainbow Smelt

Northern Pike
Muskellunge

Carp

Spottail Shiner
Emerald Shiner
Common Shiner
Golden Shiner
Fathead Minnow

Quillback

White Sucker
Longnose Sucker
Bigmouth Buffalo
Shorthead Redhorse
Silver Redhorse

Channel Catfish
Black Bullhead
Brown Bullhead
Yellow Bullhead
Stonecat

Acipenser fulvescens

Lepisosteus osseus
Lepisosteus platosomus

Amia calva

Alosa pseudoharengus
Dorosoma cepedianum

Hiodon tergisus

Salmo gairdneri

Salmo trutta

Salvelinus fontinalis
Salvelinus namaycush
Oncorynchus kisutch
Oncorynchus tshawytscha

Osmerus mordax

Esox lucius
Esox masguinongy

Cyprinus
Notropis

carpio
hudsonius
Notropis atherinoides
Notropis cornutus
Notemigonus crysoleucas
Pimephales promelas

Caproides cyprinus

Catostomus commersoni
Catostomus catostomus
Ictiobus cyprinellus
Moxostoma macrolepidotum

Moxostoma anisurum

Ictalurus
Ictalurus
Ictalurus nebulosus
Ictalurus natalis
Noturus flavus

punctatus
melas

X

R X >

=

1 pd > o

1

bl T B I

i

X

Mo X X >4

b

>

(- e

[~
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Table 37.

(continued)

NALCO ENVIRONMENTAL SCIENCES

Common Name

Scientific Name

Occurrence

Fox River

Green Bay

Troutperch

Percopsis omiscomaycus X X
Burbot Lota lota X A
Brook Stickleback Culaea inconstans X -
White bass Morone chrysops A A
Largemouth bass Micropterus salmoides X X
Smallmouth bass Micropterus dolomieui X X
Bluegill Lepomis macrochirus X X
Pumpkinseed Lepomis gibbosus X X
Green Sunfish Lepomis cyanellus X e
Longear Sunfish Lepomis megalotis X -
Rock Bass Ambloplites rupestris X X
Black Crappie Pomoxis nigromaculatus X X
White Crappie Pomoxis annularis X ~
Yellow Perch Perca flavescens X A
Walleye Stizostedeon vitreum X X
Sauger Stizostedeon canadense X X
Log Perch Percina caprodes X s
Johnny Darter Etheostoma nigrum X =
Freshwater Drum Aplodinotus grunniens X X

Adapted from Robinson 1976, Kernen 1974.

A indicates abundant species contributing a significant percentage
to catches in studies of the lake or river.

Present in collections.

Not collected.
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Table 38. Wisconsin and total Lake Michigan Commercial Fisheries

Landings (Pounds), 1973.2

Species Wisconsin Lake Michigan
Alewives 31,298,200 36,552,300
Bullheads 33,100 33,200
Burbot 113,700 156,800
Carp 3,207,900 3,211,000
Catfish 100 200
Chubs 1,861,000 4,461,300
Lake Herring 3,100 3,100
Lake Trout - 42,200
Pike or Pickerel 31,300 31,300
Salmon, Coho - 500
Freshwater Drum 2,600 2,600
Smelt 163,100 881,700
Suckers 449,500 709,600
White Bass 3,900 3,900
Yellow Perch 308,500 749,500
Walleye 3,700 3,700

@ NoAA 1975.

)
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Table 39, Total commercial landings (pounds) in Wisconsin and
southern Green Bay (statistical district 1), 19742

Species Southern Green Bay Total Wisconsin
Alewives 20,094,473 39,725,524
Bullheads 33,257 33,257
Burbot 119,426 205,826
Carp 3,047,770 3,243,845
Catfish 1,742 1,742
Chubs 3,950 1,235,248
Lake Herring 851 6,12
Lake Trout 860 23,347
Northern Pike 22 105 22,705
Freshwater Drum 1,941 1,941
Smelt 77,465 336,483
Suckers 226,012 311,700
Walleye 5 2733 S5 195
White Bass 37815 35805
Whitefish 137,963 1,174, 208
Menominee 2 9,437
Yellow Perch . 786,609 834,942

a

From data supplied by U.S.D.I., Great

76
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A comparison of the flow in the Fox River with flow

through the J. P. Pulliam Power Plant shows that 2.8% to 19.2%

of the river flow traverses the condensers (Table 40). The mean
—-— e b R e —————— A —— )

for the five-month period is approximately 9.4%. These percentages

are of most importance during periods of peak entrainment. During
June 1975 the largest number of eggs and larvae were entrained

in Fox River water. The percentage of the river withdrawn was

approximately 5.2%.
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Table 40, Comparison of mean flows in the Fox River near
Wrightstown, Wisconsin and through Units 7&8,
Pulliam Power Plant, April through August 1975.

Fox River Units 7&8 )

Wrightstown, Wis. Pulliam Power Plant Units 7&8

Month (m3/min) (m3/min) Fox River
April 10,472.9 395.4 3.8
May 14,818.9 418.1 2.8
June 9,360.9 490.5 5.2
July 3,418.,9 655.0 19.2
August 3ok A 505.8 16:..2
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IV. Analysis of Effect of Intake

A, Adult and Juvenile Fish

An estimated total number of 675,714 fish weighing an

estlmated 15829 kg was 1mp1nged at the RS Pulllam Power Plant

from Aprll 1975 through March 19?6 (Table 41) In order of
R S TE I

numerical rank, species contrlbutlng 1% or more to the total number
were: alewife, 76.1%; yellow perch, 16.8%; and bullheads, 4.5%.
Other species were considered numerically incidental. Species
contributing 1% or more by weight were: alewife, 74.5%; yellow
perch, 12.4%; bullheads, 6.6%; rainbow smelt, 1.4%; and northern
pike, 2.3%. Combined, these five species constituted 97.4% of the
numerical total and 97.2% of the total by weight.

Although alewives dominated impinged fish collections,

they were not impinged throughout the year (Figure 15). Their

occurrence in impingement samples followed thelr seasonal migrations

inshore for spaWnlng in May and June followed by gradual offshore

migration by aaults as water temperatures rise (NALCO ES 1975).

The numbers and welghts of alewives collected reflected their
relative abundance. Thus the Plant is a non-selective collection
point, and impingement rates of alewives peaked in June and
generally declined thereafter. It was also in June that the first
eggs tentatively identified as alewife were entrained (Figure 15).
Larvae were collected during July. Alewives apparently spawned in
the area of the J.P. Pulliam Power Plant June, July, and August.
Length frequency distributions of impinged alewives
reflected the occurrence of various lifestages of the species

(Figure 18). From May through August the impinged fish were almost
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SPECIES ”JFMAMJJASOND
Gar A “
Bowfin n]L
Alewife A w
| E
YOY
Gizzard Shad A 43@;
YOY
Rainbow Trout A g
Coho Salmon A /42
Round Whitefish A
Rainbow Smelt A /A—%
E
YOvY
Central Mudminnow A 5
Northern Pike A g 7 /i //V 7
Carp A 2/ G
E
YOy
Shiners A %
(Incl. Notropis Spottail) YOY
Suckers A V72222,7227 777 LU A
YOY
Bullheads A 0 NI
YOY
Channel Catfish A %_
Trout Perch A V//
YOY
Burbot A 7 /) % %/%
YOY
White Bass A ’E/////,/’A/V, % W,
YOY
Bluegill A %
YOY I E
Crappie A 247 A?22ﬁ7;§/ A/G, :224
Yellow Perch . A X0 NI
YOY
Walleye A 77, AU,
Stizosdedeon sp. YOY
Freshwater Drum A W/%A % w _ W
Yoy}
LIFESTAGES:
A = Adult E= Eggs YOY = Young Of Year
Figure 15. Seasonal occurrence of impinged adult and juvenile

and entrained eggs and larval fish at Pulliam Power
Plant, April 1975 through March, 1976.
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exclusively adults with a modal total length of 18-19 cm. Juvenile
fish appeared for the first time in September. During October and
November fish of all sizes were impinged, but in low numbers, and
no dominant size group was seen.

Yellow perch was the second most important species
numerically and by weight. Adult and juvenile perch were impinged
during every month (Figure 15). No eggs identifiable as yellow
perch were collected, perhaps because they are spawned in gela-
tinous strings attached to the bottom. Larvae were collected in
May and June, indicating spawning in April or May.

The numbers of yellow perch collected in impingement
samples varied from 63 in July to 15098 (estimated from total
weight) in October (Tables 4-15, Figure 16). The curve in Figure
16 is essentially unimodal with the peak occurring in October and
November. Length frequency distributions of impinged perch show
all sizes from 5 to 28 cm (Figure 19). From April through August
the modal length was in the 17 to 19 cm (adult) range. 1In August
the first juveniles, apparently young-of-year, appeared in small
percentages. The percentage of juveniles continued to increase
through March 1976 while percentages of older, larger fish steadily
decreased. The reason was that adults moved offshore while younger
perch inhabited shallower water during the summer (Wisconsin
Department of Natural Resources 1959).

If the length frequencies were treated as a continuous
cycle the obvious interpretation was that juvenile perch spend
their first and/or second winter in shallow water near the J.P.

Pulliam Power Plant and that older fish appeared inshore in April
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Figure 16. Total numbers of five species of fish collected from

the traveling screens at Pulliam Power Plant,
April 1975 through March 1976.
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alewives impinged at Pulliam Power Plant, May through
November, 1975.
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Figure 19.

Length-frequency distributions of adult and juvenile
yellow perch impinged at Pulliam Power Plant,
April 1975 through March 1976.
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for spawning and gradually moved offshore as the water warmed. Peak
impingement occurred in October and November among the young fish
with a modal length of 10 to 11 cm (Figures 16, 19). According to
age and growth data from the Wisconsin Department of Natural
Resources (1959) these fish belonged to age group I; other data
indicated they were age group II (Brazortal 1975). The 1975 year
class may have been large enough to be impinged during the winter
of 1975/1976.

Bullheads, the third species of importance both numeri-
cally and by weight, were not identified to species but were pro-
bably black bullheads (Table 37). Bullheads were impinged through-
out the year, (Figure 15) but always at relatively low numbers
. (Figure 16) and total weights '(Figure 17). No data indicated that
spawning was expected due to their spawning habits (guarded nests,
schooling guarded young, Scott & Crossman, 1973). In fact, only
one juvenile bullhead was observed in entrainment samples in August
(Figure 15) even though there was a large resident population.

All lengths of bullheads from juvenile to adult were
impinged (Figure 20). The presence of adults in impingement
samples each month strongly implied a large resident population in
the immediate vicinity of the Plant. Juveniles appeared in large
percentages in September and ddminated impingement results through
the winter. Peak impingement rates occurred in October and
November (Table 41), when the major size class impinged were juveniles
in the 7-9 cm class. Although growth of juvenile black bullheads

is highly variable, these fish probably belonged to age group O (in
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Figure 20.

Length-frequency distributions of adult and juvenile

bullheads impinged at Pulliam Power Plant, April 1975
through March 1976.
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the fall) and I (in the spring) (Carlander, 1950).

Rainbow smelt, although not important numerically,
contributed a small percentage by weight (Table 41). This was
entirely due to their nearshore migration for spawning in April.
Ninety eight percent of all smelt impinged were taken during this
month. Smelt were impinged sporadically (Figure 15) and at very
low rates (Figure 16) during the remainder of the year.

Northern pike were impinged during 8 months of the
sampling period (Figure 15). The numbers and weight impinged were
low throughout the study (Figures 16, 17). Low numbers negated
length-frequency distribution calculations, but review of data
presented in Tables 4 through 15 indicated fish that averaged 0.75
to 1.25 kg (1.5 to 2.5 1lbs). 'Eggs collected in the 2.5-3.0 mm
diameter range (Figures 10,11) probably were northern pike. No
larvae or juveniles were collected.

There were no Green Bay population estlmates for the five

species discussed with which to make comparlson. Three of the five

(alew1fe, perch and bullhead) are also known to be abundant in

the v1crn1ty of JP%: Pulllam Power Plant (Table 37) therefore

impingement rates would be relatively high. As previously stated,

smelt entered because of their spawning pulse and northern pike
because they were relatively heavy and omnipresent.

The numbers of fish collected in a field study were com-

parable to 1mp1ngement rates durlng most months. Data obtalned

from Roblnson S (1976) study were compared with J.P. Pulliam Power
Plant impingement rates in Table 42. Differences occurred for

bullheads in August and bullheads and perch in November. These
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differences may have occurred because one year had elapsed between
studies, however, were probably due to size differences. Due to
the small size of perch impinged, they would not readily be gill
netted and not easily seined. Also in November electroshocking was
not as effective due to low water temperatures. It did not appear
that impingement of fish at J.P. Pulliam Power Plant was different
than catch rates in the field study.

The next best comparator was commerical landings, which
were not indicative of actual populations but demonstrated removal
of some species other than at the J.P. Pulliam Power Plant. The
most recent commercial statistics (1974) were compared with impin-

gement results (Table 43). Estimated impingement ranged from 0.01%

of commercial landings for carp to 6.90% for bullheads (excluding

the round whitefish). If the patently false assumption that com-
mercial landings were the same each day throughout the year, in the

worst case (bullheads) commercial fishermen would remove from Green

—— e ————

—e

Bay in 25 days poundage equal to the entire year's impingement at
e e s

Pulliam. An equivalent poundage of perch would be removed in two
g gL 200 ALl S ekl N

days, alewives in half a day.

e ———

When the commercial landings for the entire lake were
considered, the perbentage for alewives were 0.07%, yellow perch
0.6%, and for smelt 0.05% ( Table 44). The percentage for bull-
heads and northern pike did not change since they were caught
exclusively in Green Bay. Because of this fact commercial landings
were probably poor indicators of whole lake populations.

Estimated total numbers impinged at the J.P. Pulliam

Power Plant did not constitute a large enough percentage of
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Table 43. Comparison of commercial catches in southern Green Bay

in 1974 with estimated total impingement at Pulliam

Power Plant, 1975-1976. All data are in pounds,

Estimated
Commercial Total %
Species Landings Impinged- Impinged/Commercial

Alewife 20,094,473 25,932 0::13
Yellow perch 786,609 4,327 055
Bullheads 33.257 2,294 6.90
Northern pike 22, 705 791 3.58
Smelt 77,465 474 0.61
Sucker 226,012 262 0.12
Carp 3 047 T70 204 0.01
Burbot 119,426 134 617 I I
Walleye BG83 50 0.87
White Bass 3,815 3 0.81
Freshwater drum 1,941 14 0l T2
Round whitefish 2 1 50.00
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Table 44. Comparison of 1973 Commercial catches in Lake Michigan

with estimated total impingement at Pulliam Power Plant
1975-1976. All data are in pounds.

Commercial Estimated Total Imp%nged

Species Landings .Impinged Commercial
Alewife 36,552,300 25,932 0.07
Yellow Perch 749,500 4,327 0.60
Bullheads 33,200 2,294 6.90
Smelt 881,700 474 0.05
Pike or Pickerel 31,300 791 2553
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commercial landings by weight to cause concern. It was not possible
to compare numbers of fish impinged to any other data. It should

be remembered, however, that many of the fish were juveniles.

These young fish have very high natural mortality rates, and the

number impinged cannot be considered as adults. Mortality rates

were not available for young flsh but it can be conjectured that if

these numbers could be converted to adults, natural mortality would

make the numbers con51derably smaller.

B. Eggs
An estimated 325.8 x 10 eggs were entrained at the J.P.
’_,__-—-_—-_—'—'_ —
Pulliam Power Plant from April through August 1976 (Table 45).

—

Daily and monthly numbers collected and numbers per cubic meter
were presented previously. As seen in Table 44, 98.7% of the eggs
entrained were in the 0.6-1.3 mm range. An additional 0.9% were in
the 1.4-2.1 mm range. During June an estimated total of 237.4 x
10° eggs or approximately 73% of the total were entrained. Thus of
major interest was eggs in the diameter range of 0.6-1.3 mm in
June.

These eggs were tentatively identified as alewife, with
possible Notropis mixed in. Also, the eggs of 0.6-1.3 mm in April
were identified as emelt and the 1.4-2.0 mm in June as carp
(Section III. B.). Assuming that all eggs in these size ranges
during these months to be from carp, smelt and alewife, even
though interspecies mixing probably occurred, total numbers of
eggs per species entrained, were calculated (Table 46).

Division of the total number of entrained eggs by

average fecundity per female for each species yielded the number of
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Table 46. Total numbers of alewife, rainbow smelt, and carp eggs
entrained at Pulliam Power Plant and average fecundity of
. each species.
Number of
Estimated Total Average Females of Average
Species Eggs Entrained Fecundity Fecundity

Alewife 321,054,700 13,000™ 24,000
Carp 2,712,500 900,000° 3
Rainbow Smelt 489,500 22,500l 22
Lotto (1975)
2

Mean from Swee & McCrimman (1966)
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spawning females whose eggs were entrained. No further consid- .
eration of carp or rainbow smelt was necessary. The total for
alewives was approximately 24,000 females. This number was pro-
bably low as alewives cannibalize their own eggs and several other
species prey on them as well (Edsall, 1964). The 24,000 females
equalled approximately 10% of the number of alewives impinged in
June (Table 41). Allowing for a 3/1 sex ratio (mean from Lim-
netics, 1976) 24,000 would be 12% of the 200,391 females impinged
during that month.

Cs Larvae

6

An estimated total of 5.6 x 10  larval and juvenile fish

were entrained at the J P Pulllam Power Plant from April through

T - p b LAY gt LAz

August, lQWS (Table 47) Of the total aproximately 50.2% were
carp, 16.8% yellow perch, 13.9% freshwater drum, and 7.7% burbot.
These four species constituted 87% of the total. Daily numbers
collected and mean numbers/m3 were presented in Tables 27-36;
seasonal distribution in Figure 15.

Larvaé were collected during each month (Table 46). A
single species was collected in April, four in May, seven in both
June and July, and four in August. The number of larvae entrained
was lowest in April, reached a peak in June, then decreased
through August. Those species contributing a significant per-
centage to the total were collected over an extended period (2 or

more months). Carp, the dominant species in entrainment samples,

U NN
was collected from May through July.

Length frequency distributions for the entire sampling

period were calculated for those species collected in sufficient
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numbers (Figure 21). Low numbers collected necessitated distri-
butions covering the entire year. Results varied with species.
The modal length of entrained carp and drum larvae was 5 - § mm
(mainly prolarvae). In the freshwater drum this effect was due to
a very large percentage of the total being collected during a very
short period (Table 32). Carp were, however, collected in approxi-
mately equal numbers during May, June, and July. Figure 21 shows
that larval carp were only collected when newly hatched; few older
fish were collected, as shown in Table 46 by the collection of low
numbers of juvenile only in July. Whether this was due to high
mortality rates or the fact that older larvae and juveniles were
more motile and thus not entrained was not known. Yellow perch

larvae over a large 91ze € rang€ were collected durlng both May and

June. Why larger sized perch were collected but not carp was unknown.

D. Other Conditions

As stated in Section II, future plans for J.P.
Pulliam Power Plant indicate a reduction of approximately 41%
total hours of operation by the year 1985. Because circulating
water pumps are generally not run when a unit is not in operation,
a proportional reduction in water consumption will result. The
effect of this reduotion in water consumption could vary depending
on whether the reduction takes place during one month or is

"across the board". It is assumed that the reduction will be

evenly distributed throughout the year and a proportlonal reductlon

in entrained eggs and 1arvae w1ll result. Implngement however,

is related more closely to the local abundance of flsh near the

— -
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Figure 21. Length-~frequency distributions of larval yellow perch,
carp, and freshwater drum collected at Pulliam Power
Power Plant, April through August, 1976.

107



NALCO ENVIRONMENTAL S8CIENCES

intake than to flow through the Plant (Otto and Kitchel, 1974).

Therefore, although some alleviation of impingement is expected,
the observed reduction in impingement rates may not be related
directly to hours of operation.

The percentage of Fox River flow traversing the Plant is

another factor. As previously stated an average of 9.4% of the

river flow is used. 1If eggs and larvae are evenly distributed in

e

the river, an average of 9.4% would be exposed to the Plant.
During May, June, and July, when entrainment of larvae was highest,
2.8%, 5.2% and 19.2% of the larvae in the river would have been

affected.
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V. Conclusion

Adult and juvenile fish of twenty species and three families
were impinged at the J. P. Pulliam Power Plant from April 1975
through March 1976. The estimated total number of fish impinged was
approximately 676,000 fish weighing approximately 15000 kg. The
numerical composition of the impinged fish was 76.1% alewives, 16.8%
yellow perch, 4.5% bullheads and 2.6% incidental species. Species
composition by weight was 74.5% alewiwife, 12.4% yellow perch, 6.6%
bullhead, 2.3% northern pike, 1.4% rainbow smelt and 2.8% other
species combined. Comparisons of the estimated total weights of the
five major fish species impinged with available commercial landings
in southern Green Bay showed impingements to equal 0.13% to 6.90% of
commercial landings. Comparisbns with lakewide commercial landings
yielded 0.05% to 6.90% of commercial landings.

An estimated 325.8 x 100 eggs were entrained in the cooling
water at the J. P. Pulliam Power Plant from April through August
1975. The number of eggs entrained was equivalent to the number of
eggs released bf 22 carp, 3 rainbow smelt and 24000 alewives of
average fecundity. Twenty-four thousand female alewives were found
to equal 1.2% of thg female alewives impinged during the month of
peak impingement.

An estimated total of approximately 5.6 x 106 larvae and
juveniles were entrained at the J. P. Pulliam Power Plant from April
through August 1975. Of the total, approximately 50.2% were carp,
16.8% yellow perch, 13.9% freshwater drum and 7.7% burbot.

Based upon a comparison of the data collected to the available
indicators of resident fish populations, there is no apparent
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significant impact on the fish population of Green Bay. Based on

the data presented, "the location, design, construction and capacity
of cooling intake structures" apparently reflect "the best technology
available 'under the described conditions' for minimizing adverse
environmental impact." Data concerning future plans for plant
operation indicate a lessened impact in the future.

The sampling program was adequate to allow evaluation of intake
effects at J. P. Pulliam Power Plant. Impingement sampling was very
intensive (25% of the entire year). At the rate of once each four
days per 24 hours, small changes in impingement rates could be
detected and short duration spawning pulses, such as seen with
smelt, were not missed. Methods were adequate to estimate the
numbers and total weights of each species impinged, and a simple
extrapolation of one day of sampling to three days with no sampling
led to reasonably accurate estimates of total impingement.

Entrainment sampling was scheduled such that it started before
the known or reported spawning periods of fishes in the area (with
zero eggs and larﬁae}, bracketed periods of peak outlined egg and
occurrence and ended after the spawning periods (again with zero
eggs and larvae). Sampling was intended to provide estimates of
mean concentrations of eggs and/or larvae at 0800 hr, 1600 hr and
0400 hr to determine daily distribution. Number of replicates (4)
was chosen as practical to collect and field sort in one day.
Extrapolation of mean egg and larval densities to total numbers
entrained was the most tenuous operation performed. It was,
however, the only known method of estimating total numbers and

represents the state of the art at this time.
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